In the studies on the precipitin reaction hitherto published from this laboratory (1) the salt concentration was held constant at 0.9 per cent of sodium chloride in order to permit observations on the effect of varying the proportions of antigen (or hapten) and antibody. In the present paper are reported data obtained during several years on the influence on the course of the precipitin reaction of changes in the concentration of sodium chloride and on the effect of other cations and ZUiiOIlS.
(Received for publication, March 20, 1936) In the studies on the precipitin reaction hitherto published from this laboratory (1) the salt concentration was held constant at 0.9 per cent of sodium chloride in order to permit observations on the effect of varying the proportions of antigen (or hapten) and antibody. In the present paper are reported data obtained during several years on the influence on the course of the precipitin reaction of changes in the concentration of sodium chloride and on the effect of other cations and ZUiiOIlS. According to our quantitative theory of the precipitin reaction, expressions of the form, PSI mg. antibody N precipitated = ZRS -A may be used to describe the course of the precipitin reaction (2) . In these equations S refers to the specific polysaccharide or antigen, R to the ratio between antibody nitrogen and S precipitated at a definite reference point in the "equivalence zone" (2) , and A to the antibody nitrogen precipitated at the reference point. The effect of increased salt concentration on these equations is also discussed in the present paper.
EXPERIMENTAL
The analytical technique used was that described in previous papers of the series (l-3). In the experiments summarized in Table I the final concentration of salt was varied from 0.6 per cent to 10.45 per cent, or 0.1 Y to 1.79 Y. 1.0 ml. of antibody solution B 36, prepared according to Felton (4) and made up with 0.9 per cent saline, was mixed in each case with the given amount of the specific polysaccharide of Type III pneumococcus (S III) dissolved in 3 ml. of salt solution of such strength that the final concentmtion.of salt was as indicated in the table. The experiments were run for 2 hours at 37" and overnight at O", so that the results do not represent the maximum amount of antibody precipitable by any of the quantities of S III used (3). However, the amount of antibody nitrogen precipitable by a given quantity of S III decreased with increasing salt concentration, as did also the total amount of antibody nitrogen precipitable.
In Table II are given results of experiments run separateIy at 0" and at 37' in 0.9 per cent and 10 per cent sodium chloride solutions, using S III and Type III antipneumococcus horse serum 607 which had previously been precipitated with C substance and pneumococcus protein. 1 .0 ml. of antiserum was added to a mixture of 1.0 ml. of S III solution in water and 2.0 ml. of salt solution of such strength as to give the desired Cnal concentration. The tubes run at 0" were allowed to stand for 48 hours, except those containing excess S III, for which 4 days were allowed, while those at 37" were centrifuged after 2 hours, experiments having shown no significant differences between the amounts of antibody precipitated at 37" in 0.5, 1, 2,4, or 6 hours. Table III summarizes the data obtained with a divalent cation and divalent and tetravalent anions in the S III-antibody system. In this series of experiments 3.0 ml. of stock salt solution, 1.5 ml. of S III solution in water, and 1.5 ml. of antibody solution B 65 were mixed.
Table IV deals with the effect of salts on the reaction between crystalline egg aIbumin (Ea) and rabbit anti-egg albumin serum.
DISCUSSION
The data summarized in Table I show that at five different sodium chloride concentrations ranging from 0.1 to 1.79 molar, the amount of antibody nitrogen precipitated by a given quantity of S III from homologous antibody solution decreases with increasing salt concentration . This progression is reflected in a decrease in both constants of the equation for antibody precipitated, derived according to Reference 2. A similar effect is shown in whole serum both at 0" and at 37" (Table II) , and it will be noted that the differences between the amounts of antibody precipitated from 0.15 and 1.75 af salt solution are approximately the same at both temperatures.
In an attempt to find the reason for the decrease in the amount of nitrogen precipitated at higher salt concentration the supernatants from the precipitate formed by the interaction of 0.07 mg. of S III and Tables II, III , and IV were run according to Teorell (6) .
f Excess S. $ One determination. fi Cf. Reference 2. 11 Calculated mg. antibody N pptd. at antibody excess end of equivalence zone.
due to the dialysis should have caused 1.08483, or 0.25 mg. of antibody nitrogen to precipitate for each of the supematants which were combined and dialyzed. However, the solution remained clear, although it still contained antibody N which precipitated when more S III was added after the dialysis. It is therefore probable that the decreased amount of antibody precipitated at the higher salt concen-trations is not due to increased solubility of the specific precipitate, but rather to a shift in the equilibrium brought about by the presence of the salt, by which the same amount of S III combines with a smaller quantity of antibody. This point will be discussed below in greater detail. The data summarized in Table III show no very clear effect of a divalent cation or anion on the final result other than that of the total ion concentration, unless the approximately equal influence of 0.51 t One determination. molar sodium chloride and 0.31 molar magnesium chloride (MgCls) be ascribed to the cation effect alone. The tetravalent ferrocyanide ion definitely counteracted the salt concentration effect. In addition it was observed that the magnesium ion decreased the flocculation velocity of the specific precipitate while the anions of higher valence increased the velocity, even in the zone of partial inhibition. From Table IV it will be seen that the egg albumin-antibody reaction was found relatively insensitive to variations in salt concentration, contrary to the findings of Downs and Gottlieb (7) In general, it may be said that the present observations on the *ect of salts on the precipitin reaction are probably compatible with any of the theories which have been proposed for this reaction and are certainly not incompatible with our quantitative theory (1, 2, 8) . It is not possible, however, to give a quantitative interpretation of the salt effects with the data at hand or with the methods which proved adequate at physiological salt concentrations. For example, it is possible While the observed salt effects show certain similarities to those noted with typical globulins (9), the dialysis experiment quoted above (Table II) indicates that the diminution in precipitable nitrogen is not due to increased solubility of the specific precipitate. The cause appears to be rather a shift in the proportions in which S III and antibody combine. Whether this is due to a competition of the cation with antibody for combination with the S III anion (cj. lo), or a driving back of the ionization of the soluble antibody-sodium chloride complex (cf. 11) is difficult to say. It is also possible that the large Coulomb forces due to the heaping up of carboxyl groups in the S III molecule (cf. 12) result in a spatial conGguration which is altered when these charges are reduced by high salt concentrations, with a consequent diminution in specificity, or reactivity with corresponding spatially orientated groupings in the antibody mole&e.
At any rate there is much reason to ascribe an ionic mechanism to this effect, as was originally done in the case of the S III-antibody reaction itself (10) . Salt effects similar to the above have also been noted by Hammarsten and collaborators (13) , in the reaction between proteins and nucleic acids.
If the effect of high concentrations of salts on the precipitin reaction consists of a shift in the S III-antibody equilibrium, and if this shift is reversible, a method is available by which, with strong salt solutions, it should theoretically be possible to dissociate pure antibody from a specific precipitate formed at 0.9 per cent salt concentration in a suitable region of the reaction range. This phase of the work will be discussed in a paper now in preparation. 
